Promiscuity quantitatively and qualitatively
impacts early growth factor receptor signaling
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Short Abstract —To study promiscuity in biochemical
networks, we formulated a rule-based model for early events in
IGF1R signaling. The model accounts for over 70 interactions
between seven IGF1R phosphotyrosines and 45 SH2 and PTB
domain-containing proteins. Model parameters are based in
large part on multiplex proteomic binding assays. In the IGF1R
network there is variation in promiscuity at the level of
phosphotyrosines (i.e. the number of SH2/PTB proteins with
which a phosphotyrosine can interact) and at the level of
SH2/PTB proteins (i.e. the number of distinct phosphotyrosines
with which a protein interacts). We find that promiscuity can
affect cell-signaling kinetics both quantitatively and
qualitatively. Neglecting promiscuity in a mass-action Kinetic
model may limit the predictive value of the model.
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I. PURPOSE

PROMlSCUlTY, or the ability of one protein to have
multiple interaction partners, is a common feature of cell
signaling networks [1]. Many phosphotyrosines are capable
of interacting with multiple SH2 or PTB domains [2, 3].
Similarly, many SH2 and PTB containing proteins can bind
to multiple phosphotyrosine sites. Mechanistic models often
explicitly consider only one or two direct interaction
partners for each modeled protein. Alternatively, a modeler
may impose nonphysiological complexity by lumping
distinct phosphotyrosines of a protein together as a single
virtual phosphotyrosine and thereby require the different
interaction partners to compete with each other for binding.
The impact of these common simplifications on the
predictive value of a model, and the significance of
physiological promiscuity on cell signaling are both
unknown. We therefore developed a model that accounts for
the promiscuity observed in multiplex proteomic assays
characterizing SH2/PTB interactions with receptor tyrosine
kinases [3]. We used the model to investigate the potential
impact of promiscuity on cell signaling and the practice of
modeling cell signaling.

II. MODEL

Our rule-based model focuses on IGFIR, its seven
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tyrosine residues that are phosphorylated to serve as docking
sites for 55 different SH2 and PTB domains in 45 different
proteins. The reported interactions describe a network with
varying levels of promiscuity at the level of individual
phosphotyrosines as well as varying levels of promiscuity at
the level of individual SH2 and PTB domain-containing
proteins [3]. We specified our model in the BioNetGen
language [4] and simulated the model with NFsim [5].

III. RESULTS

We find that the intensity and duration of total
phosphorylation for an individual receptor tyrosine increases
with increasing promiscuity. In contrast, the maximum
intensity of the interaction between the phosphotyrosine and
a specific SH2 domain decreases while the duration of the
total interaction signal increases with increasing
promiscuity. SH2/PTB promiscuity allowed proteins to
produce kinetic behaviors that differed qualitatively from the
different, individual receptor phosphotyrosine kinetics.
Variation in promiscuity among phosphotyrosines and
SH2/PTB domains in a receptor network can therefore result
in a spectrum of distinct signaling kinetics for the proteins in
the network. Despite the competition between proteins for
shared phosphotyrosine binding sites, the kinetics of each
protein appear robust to changes in the promiscuity and
abundance of other proteins.

Promiscuity is a common feature of signaling networks
that has often been neglected in mechanism-based models.
The predictive abilities of models that utilize measured
biochemical properties may be limited if they do not account
for these promiscuous interactions. Moreover, efforts to fit a
mass-action model to experimental data may struggle if
qualitative features of a signal are dependent upon non-
accounted for promiscuity.
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